Malaria is a major public health problem in India and contributes significantly to the overall malaria burden in Southeast Asia[@ref1]. The National Vector Borne Disease Control Programme (NVBDCP) in India reported 0.88 million malaria cases and 440 deaths due to malaria in 2013[@ref2]. Odisha is one of the severely affected States with malaria in the country. The State, with about 4 per cent of India\'s population, accounts for a quarter of the disease burden and 15.2 per cent of the total malaria deaths reported in the country during 2013[@ref2]. The Odisha State has been reporting high proportion (93.0%) of *Plasmodium falciparum* malaria which is known to cause complications and mortality. The ecological and geographical conditions of this State favour various ecotypes of malaria with *Anopheles fluviatilis* being the predominant vector transmitting *P. falciparum*. Two rounds of indoor residual spraying with DDT by the National Programme have not produced the adequate level of control of the vector population[@ref3].

In such a situation, bioenvironmental method of vector control could be an alternative or supplementary option, wherever feasible. Moreover, this strategy is a holistic approach besides its cost effectiveness and eco-friendly nature. Streams are the most preferred habitat for breeding of *An. fluviatilis* and intensity of breeding was high during winter and early summer when the transmission of malaria was also high[@ref4]. The Government of Odisha has executed numerous water resource development schemes. Under one such scheme, bed-dams are constructed across streams for irrigation purpose. Any water resource development scheme is likely to influence the vector-borne diseases if it interferes with the breeding habitats of the vector species[@ref5]. It is expected that the construction of bed-dam across a stream leads to stagnation of water at one point, resulting in reduced flow of water in downstream compared to upstream as the downstream receives only the overflowing water from the bed-dam. To minimize the vector breeding in the downstream, it was proposed to the district administration to introduce sluice gates in bed dams and open them once in a week to facilitate flushing of immature of the vector mosquito present in the downstream. Here we present the results of a study that assessed the breeding of *An. fluviatilis* from May 2010 to April 2011 in a stream across which a sluice gated bed-dam was constructed by the district administration, Koraput in Odisha State, India.

Material & Methods {#sec1-1}
==================

*Study area*: The study was carried out in Laxmipur Community Health Centre (CHC) of Koraput district, Odisha. The district is situated in the southern part of the State and is one of the hilly, forested and highly malarious districts, predominantly inhabited by tribes[@ref6]. The terrain is highly undulating and the villages are located on hilltops or on the slopes of hillocks, criss-crossed by streams. The climate of the district is characterized by hot summer (March-June), rainy (July-October) and winter (November-February) seasons. The monsoon generally breaks during the later part of June each year. Average annual rainfall recorded during 2012 was 1533.3 mm, of which \>80 per cent occurred during July to September under the influence of south-west monsoon. Maximum rainfall was in August. The mean minimum temperature varied between 14.0°C (January-February) and 27.5°C (April-May) and mean maximum temperature between 27.0°C (December) and 41.5°C (May) in 2007[@ref7]. *P. falciparum* is the predominant malaria parasite and deaths due to cerebral malaria are high. An. fluvialitis 'S' has been incriminated as the major malaria vector[@ref3] and it prefers to breed in slow flowing streams[@ref4]. Two streams, one each in Barigaon and Pipalpodar villages of the Laxmipur CHC were selected for the study. The two villages are situated 5 km away from each other. In both the villages, the proximity of the stream to the village was 100 m. The upper portion of the stream from bed dam was the upstream and lower portion was the downstream.

*Construction of bed-dams*: The District Rural Development Agency (DRDA) of Koraput constructed a reinforced cement concrete bed-dam across the selected stream in Barigaon and also in Pipalapodar village. The bed-dam across the Barigaon stream was 15 m long with a height of 4.5 m and two sluice gates were fixed in the bed-dam. The bed-dam, constructed across the Pipalapodar stream was a conventional one, without any sluice gates; it was 15 m in length and 1.5 m in height. The residents of the Barigaon village selected a volunteer to operate the sluice gates (opening and closing) weekly once on a fixed day to let out water from the bed-dam. Hereafter, the stream with sluice gated bed-dam is referred to as experimental arm and the stream with conventional bed-dam (without sluice gates) as control arm.

Initially, the study was planned for one year from May 2010 to April 2011. Accordingly, sampling was initiated from May 2010. The district administration started the construction work of sluice gated bed-dam in June 2010 and completed by September 26, 2010. The first post-construction sampling was done on September 28, 2010. The sampling period during pre-construction period was five months and during post-construction period was seven months. The study could not be continued beyond April 2011 because of complete drying of the downstream as a result of bed-dam construction.

*Immature sampling*: Immature of *Anopheles* mosquitoes were sampled systematically[@ref8], taking one sample (one dip) at every 10 m along the edges on both sides of the stream, using a dipper (10 cm diameter, 300 ml capacity). Prior to the construction of bed-dam (*i.e*. from May 2010 to September 2010) immature were sampled at fortnightly interval while weekly sampling was done during post-construction period (October 2010 to April 2011). On each survey, 100 dips were taken over a stretch of 500 m from upstream and an equal number of dips also from downstream. The total number of dips taken, number of positive dips for *Anopheles* immature and number of immature collected were recorded. The immature were brought to the laboratory of Vector Control Research Centre, Field Station, Koraput (Odisha State) and reared to adults for species identification. Percentage of dips positive for *Anopheles* immature (Number of positive dips/Total dips taken X 100) and per dip density of *An. fluviatilis* immature (Total number of *An. fluviatilis* immature/Total number of dips taken) were calculated.

*Data analysis*: The percentage values of positive dips for *Anopheles* immature obtained from upstream and downstream of both experimental and control arms during pre- and post-intervention periods were transformed to arcsine values for further analysis. The values of per dip density of *An. fluviatilis* (y) in upstream and downstream of experimental and control arms during pre- and post-intervention periods were subjected to log transformation after adding "1" *i.e*. ln (y + 1). The difference in mean percentage of positive dips and per dip density of *An. fluviatilis* between upstream and downstream of experimental and control arms during pre- and post-intervention periods were compared using Student't' test. Reduction in percentage of positive dips for *Anopheles* immature and in per dip density of *An. fluviatilis* immature after the construction of sluice gated bed-dam were calculated using the formula of Mulla[@ref9].

Results {#sec1-2}
=======

A total of 13 *Anopheles* species were identified from the immature samples collected from the experimental and the control streams. In the experimental streams, prior to bed-dam construction, the percentage of dips positive for *Anopheles* immature varied from 5.0 to 10.3 and 7.0 to 12.7 in upstream and downstream, respectively; the mean values did not differ significantly between the two segments, indicating an equal status of breeding throughout the stream. The corresponding values in the control stream varied from 6.5 to 15.0 and 8.5 to 16.0; with no significant difference in the mean values between the upstream and the downstream (Figs [1](#F1){ref-type="fig"}, [2](#F2){ref-type="fig"}). There was also no significant difference in the percentage of positive dips for *Anopheles* immature between the upstream and downstream of experimental and control arms over months before bed-dam construction.
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During post-construction period, the percentage of dips positive for *Anopheles* immature in the experimental stream varied from 6.1 to 27.5 and 0 to 3.3 in upstream and downstream, respectively; the mean percentage value was significantly lower in the downstream than that in the upstream (*P*\<0.00). In the control stream, after the construction, the percentage of positive dips for *Anopheles* immature varied from 6.7 to 27.3 and 7.9 to 29.8 in upstream and downstream, respectively, but there was no significant difference in the mean values. While there was no significant difference in the mean percentage values between the upstream of experimental and control streams, the mean percentage of positive dips was significantly lower (*P*\<0.00) in the downstream of experimental arm over months than that of the control arm (Figs [1](#F1){ref-type="fig"}, [2](#F2){ref-type="fig"}).

The survey conducted during the post-construction period detected only five older (stage III and IV) instars of larvae and zero pupae of *Anopheles* species in the downstream of the experimental stream, while the number of the corresponding stages recorded in the downstream of the control arm was high (301 and 43). Prior to the construction of bed-dam, the immature density (number per dip) of *An. fluviatilis* varied from 0 to 0.05 and 0.02 to 0.04, respectively, in upstream and downstream of the experimental arm. The corresponding values for the control stream were 0.01 to 0.03 and 0 to 0.02. There was no significant difference in the mean density between upstream of experimental and control stream as well as between the downstream of the two arms (Figs [3](#F3){ref-type="fig"}, [4](#F4){ref-type="fig"}).
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After the construction, in the experimental stream, the density of *An. fluviatilis* varied from 0.02 to 0.11 and 0.0 to 0.01 in up- and downstream, respectively, with a significant difference in the mean density (*P*\<0.00) between the two sections. In the control stream, the immature density of *An. fluviatilis* varied from 0.03 to 0.11 and 0.02 to 0.13, respectively in up- and downstream, without any significant difference in the mean density between the two segments. When the density was compared between the upstream of experimental and control arms, there was no significant difference, but in the downstream of the experimental arm the immature density of *An. fluviatilis* was significantly lower than that of the control arm (*P*\<0.00) (Figs [3](#F3){ref-type="fig"}, [4](#F4){ref-type="fig"}).

Overall, following the construction of the sluice gated bed-dam across the stream in the Barigaon village, there was 84.9 per cent reduction of the positive dips for *Anopheles* immature and 98.4 per cent reduction of the immature density of *An. fluviatilis* in downstream of the experimental stream.

Discussion {#sec1-3}
==========

The current study demonstrated the dual benefit of the sluice gated bed-dam constructed across the stream; controlling vector breeding as well as stagnating water for irrigating the rice fields. The water is stored up to a level and above which it overflows to the downstream. The streams are the preferential breeding habitat of *An. fluviatilis*, the major malaria vector in the study area. When sluice gates were fixed to the bed-dam, besides ensuring water storage, these facilitated release of water with high flow that flushed out the immature of *An. fluviatilis* present in the downstream. The sluice gates were kept opened only for half an hour to release the entire water from the dam and then closed. Such operation for a short period of time once in a week did not interfere with the primary objective of the bed-dam, to stagnate water for irrigation. After the gates were closed, water got stagnated to the original level within 6 to 12 h and was used for irrigation until opening again the next week.

The two indicators (% of dips positive for *Anopheles* immature and immature density of *An. fluviatilis*) used in the current study to measure the flushing effect were in the same level in upstream of experimental and control arms during the pre- and post-construction of the bed-dam. In the case of downstream, both the indicators were comparable in experimental and control arms only during pre-construction period. Whereas, during the post-construction period both the indicators were significantly reduced in downstream of experimental arm compared to the control arm, indicating the flushing effect of the high flow of water released from the bed-dam through the sluice gates on immature of the vector species. The significant reduction of older instars and pupae during the post-construction period in the downstream of the experimental arm confirmed the washing effect. The flushing effect was observed up to a distance of 500 m, beyond which the sampling was not possible as the downstream merged with a river. However, since the average flight range of *An. fluviatilis* was reported to be 500m[@ref10], the distance of flushing effect (500 m) as recorded in the current study was adequate to control the vector breeding.

Flushing the stream using sluice gates is not a new concept. In Asian countries, knowledge on the breeding preference of malaria vectors in streams led to making efforts to reduce their abundance through engineering actions[@ref11]. In India, such trials were carried out during the first half of 20^th^ century before the extensive use of insecticides came to dominate vector control measures. Similar to the current study, the earlier approach used was to construct a dam with sluice gates across a stream and suddenly release the water confined in the reservoir created behind the dam[@ref12]. The advantage of having the hand operated sluice gates is that the entire water in the reservoir could be released at once, when needed. While the hand operated sluices were mainly used in India[@ref12], automated siphon sluices were the option in Sri Lanka[@ref13], Malaysia[@ref14], and later in West Bengal[@ref15].

Integrated vector management (IVM) has been the new strategic approach to vector control since 2001[@ref16][@ref17]. The IVM, while emphasizing environmentally sound, inter-sectoral, selective, targeted, cost-effective and sustainable measures, envisages a minimum reliance on chemical insecticides[@ref18][@ref19]. The current study was an example of inter-sectoral collaboration which involved the DRDA and the department of Minor Irrigation in implementation of vector control through construction of bed-dams with sluice gates. A recent study carried out in Sundargarh district, Odisha State, observed the impact of construction of small dam across a stream on breeding of *An. fluviatilis*. The study showed that the dam construction altered the water flow above and below the dam thereby making it unfavourable for the breeding of *An. fluviatilis*, and as a result there was a decline in malaria incidence[@ref5].

Use of chemical insecticides in streams for the control of *An. fluviatilis* breeding is not a feasible option, as stream water is used by the hill and foot-hill inhabitants and domestic and wild animals. Further, use of biological control agents in streams could not be sustained due to the gradient and water current. Under such circumstances, the only option would be implementation of environmental management methods such as introduction of sluice gates in bed-dams. Since, the current study has demonstrated the feasibility of water management through the sluice gated bed-dam for the control of vector breeding, it is recommended that the scheme of bed-dams with sluice gates under the water shed/minor irrigation projects could be upscaled for public health benefit, particularly in malaria endemic areas.
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